On 31 January 1997, a fire occurred in a 25-storey highrise apartment building located in Ottawa, Ontario, Canada. The building contains 296 condominium apartments which were occupied mainly by senior citizens. The fire, which started at 4:30 p.m. in an apartment on the 6th Floor, rapidly burned through the apartment corridor door and spread into the corridor.
INTRODUCTION
The study of occupants' behaviour during a fire incident is one of the best ways to learn about the impact of human factors on the circumstances and outcomes of a fire. The victims of a fire are prime witnesses; they can easily describe their perception of the event, their interpretation and their reactions during the fire. The information gathered helps researchers to understand the conditions in the building at the time of the fire and to explain the occupants' behaviour during the event and the rationale behind their actions. A complete report of the fire discussed in this paper is currently available [1] .
The general objective of this study was to gather information on the behaviour of the occupants who were in the building at the time of the fire incident. Two data-gathering methods were used. First, face-to-face interviews were carried out with the occupants of the fire floor (the 6th floor) and the floor above, to obtain detailed accounts of the event from the occupants closest to the fire. Secondly, a questionnaire developed by the Office of the Fire Marshal of Ontario, used previously in a dozen highrise residential fires, was distributed to the door of each 3 apartment. This two-fold research strategy offers the advantage of combining the detailed account of the closest witnesses with an extensive quantity of information from the other occupants thus providing a complete overview of the event. This strategy is also cost-effective in terms of time and staff required for interviews, data analysis and documentation of the results.
The results of this study will be used by the National Research Council of Canada (NRC) and the Office of the Fire Marshal of Ontario, NRC's collaborator on this study, to develop recommendations to improve fire safety in highrise apartment buildings. This research will help better define evacuation procedures, training and education programs and changes in the regulations and codes of practice. These results will also be used to verify the NRC computer model FiRECAM™ [2] , which is used to assess occupants' risk to life from fires.
THE FIRE
On January 31, 1997, in the late afternoon, a fire started in Apartment 602 on the 6th floor at 1081 Ambleside Drive in Ottawa, Ontario. At the time of the fire, the two occupants of the apartment, a husband and wife, aged 80 and 82 years old, were in the apartment. The husband was in the living room when he heard the apartment smoke alarm activate. His wife was in the kitchen preparing supper. He went to investigate and discovered smoke pouring out of the closet in the apartment entrance foyer. He slid open the closet door to discover extensive burning. He called to his wife to warn her, but she may not have heard because of her poor hearing. He ran to the master bedroom to use the phone to call 911. There was smoke in the bedroom so he opened the patio door to ventilate the room. After calling 911 4 (his call was received at 16:34) he attempted to return to the hall to reach his wife but the smoke was too dense and hot, forcing him to retreat to the bedroom balcony. The wife, who was using a walker to assist her movement, moved from the kitchen to the living room, where she collapsed.
The fire spread from the closet to the foyer area of the apartment, burned through the closed tubular-core wood apartment entrance door and spread into the 6th floor public corridor. The fire spread extended approximately 17 m down the corridor before being extinguished by the fire department. Smoke damage to the 6th floor corridor was extensive, with some units close to Apartment 602 also receiving some smoke damage. There was no significant smoke damage to other areas of the building.
The fire alarm system was activated by a couple on the 4th floor who saw smoke pouring out of a patio door from their living room window. This couple went into the corridor then pulled the fire alarm before leaving. The fire alarm sounded in each apartment and throughout the common areas of the building. It is anticipated that the fire alarm was activated within 1 or 2 minutes of the first 911 call and before the fire department arrival.
At the time of the fire, heavy snow was falling and the temperature was -9ºC. The Ottawa Fire Department received a 911 notification of the fire at 16:34 and arrived at the scene at 16:39. Four other evacuees had to be treated for smoke inhalation; two seniors suffered heart attacks, one of whom died 10 days after the fire.
THE BUILDING
The building was built in 1973 in compliance with 1992 Retrofit Section 9.6 of the Ontario Building Code. Some refurbishment had taken place in 1996. The building was constructed of reinforced concrete and comprises 296 luxury condominium-apartments on 25 storeys plus 3 basement levels of parking and leisure rooms. On the afternoon of the fire, he recalls giving out 4 or 5 messages (the exact wording of each message was not recorded). The first message was given before the arrival of the fire department; it stated:
• "There is a fire on the 6th floor. The fire department is on its way".
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After the fire department arrival and initial assessment of the situation, the chief in command gave the order to evacuate and the Resident Manager issued the message:
• "All occupants should evacuate using Stairwells B and C".
After firefighters encountered occupants coming down Stairwell A, which was being used for fire fighting, another message was issued:
• "Occupants should not evacuate through Stairwell A".
Finally, as many exhausted, anxious occupants exited from all stairwells into the lobby complained of the crowd and smoke conditions encountered, the chief in command decided to change strategy and the following message was issued:
• "Occupants who have not started to evacuate should remain in their units".
This was the last message issued regarding the evacuation.
STUDY RESULTS
The building has 296 apartments. At the time of the fire, 6 vacant units were for sale and 24 residents were away on holiday and had registered their departure with the building superintendent. Replies to the questionnaire could then be expected from 265 units, excluding the unit of fire origin.
A total of 213 questionnaires were returned. This represents a return rate of 80% which is excellent for this type of study [3, 4, 5, 6] . This exceptional return rate implies that the results can be generalized to the entire building population with confidence.
As indicated previously, the questionnaires were distributed to every unit during the week following the fire.
Most questionnaires were returned within two weeks. Of the 213 questionnaires returned, 76 or 35% mentioned that they were not at home at the time of the fire. Therefore, the remaining 137 questionnaires from occupants who were at home during the fire were used in the final analysis.
OCCUPANT PROFILE
Respondents were asked to "Please indicate the number of individuals in the suite at the time of the fire, by their ages and gender". As presented in Table 1 , there were only a few children or teenagers living in the building or visiting the building at the time of the fire. Adults aged 21 to 65 years old represented 29% of the respondents. Over two-thirds of the respondents were over the age of 65. Of the respondents, 85 were alone in their apartment at the time of the fire. Out of this group, 63, or 74%, were occupants over 65 years old, of which 54, or 86%, were women and 9 or 14%, were men. [7, 8] . This high proportion of occupants with limitations is probably due to the fact that 68% of the respondents were over 65 years old. A total of 37 females and 6 males reported limitations.
When asked, "How long have you lived in this building?", a majority answered that they lived in the building for more than 10 years at the time of the fire. Respondents were asked: "Were you familiar with the fire emergency procedures for this building prior to this fire?"; a total of 88% indicated being aware of the procedure. They described this procedure as "upon hearing the fire alarm, wait for instructions coming through the voice communication system and follow instructions".
The fire alarm was activated regularly in the building due to false alarms or fire alarm testing.
Only two respondents were not aware of such alarms. During the last year, 37% mentioned that they were aware of over 12 incidents of false or test alarms, while 21% said the alarm had been activated frequently. A new alarm system had been installed 5 months prior to the fire.
This new system was tested monthly with first a message provided through the voice communication system by the Resident Manager, followed by the test of the fire alarm.
INITIAL AWARNESS
Respondents were asked "How did you first become aware of the fire emergency?".
Many building occupants (39%) were first made aware of the fire by the sound of the fire alarm and 70% included the fire alarm as one of many sources notifying them of the emergency. The second means by which occupants indicated they were most often alerted was by the voice communication system; 13% identified the voice communication system only while 42%
indicated the voice communication system along with at least another source.
Interestingly, all 10 respondents who mentioned having hearing limitations, were notified of the emergency by hearing the fire alarm. Among them, 8 said the voice communication was clear and it was the cue to start the evacuation for 6 of them.
At the time of the fire, most respondents were awake preparing supper, watching television or doing some leisure activities such as reading, knitting or listening to music. When occupants first became aware of the emergency, 30% indicated attempting to obtain more information by contacting neighbours or dialling 911. A majority of respondents (70%) did not attempt to obtain additional information, as they were waiting to receive instructions from the voice communication system. Messages provided through the voice communication system were clear for 95% of the respondents. The large majority (89%) followed the instructions provided which were judged useful for 64% of the respondents.
ATTEMPTED EVACUATION
It is clear that 83% of those respondents in the building at the time of the fire attempted to evacuate their apartments that afternoon. When asked "How long after you were alerted to the fire did you attempt to evacuate?", the largest group (34%), indicated a delay of about 5 minutes before starting to evacuate. Many specified starting their evacuation when instructed by the voice communication system, which was probably between 6 to 10 minutes after the Of the 48 cases of people who indicated that they were with others when they were made aware of the fire, all but one evacuated in groups. During evacuation, 7 respondents mentioned being separated from their companion. In 5 cases, it was in stairwells where groups were separated due to others entering the stairwell. In 2 cases, adults lost children who went ahead of them. Some older residents indicated that staying in a group became difficult when they were overtaken by faster evacuees in the stairwells. One female specified she became separated from her group "because of the crowd in the stairwell and the heavy black smoke encountered around the 8th floor". She also lost consciousness in the stairwell and was rescued by the Resident Manager and other residents.
All respondents above the fire floor who reported attempting to evacuate encountered smoke during their evacuation movement. The 18 respondents who did not encounter smoke during their evacuation were located below the fire floor. According to 5% of respondents, the lights were off in their corridor. Lack of lighting in the corridor may have been due to fire damage to wiring or more likely, to smoke obscuration in the corridor.
As presented in Table 2 , the colour of the smoke encountered in the corridors varied from "total blackout" to "thin haze", with 33% describing the smoke as "black", 40% "grey" and 4%
"white". The respondents' description of the smoke colour and their movement under these conditions, indicates that most were prepared to move through a certain amount of smoke.
14 There were significantly more occupants in Wings A and B reporting "total blackout" or "black" smoke than in Wing C. A relationship can be established between the smoke colour described and the visibility distance. Some 45% who indicated they could see "nothing at all" or "little" in their corridors were in units located on all floors from the 4th floor through the 25th. Another 30% said that, even though there was smoke, they could see between 12 to 15 m down to the exit stairwell door from their apartment entrance door when they started to evacuate.
To the question, "Did you encounter smoke in the stair?", most respondents, 82%, said there was smoke in the stairwells. Smoke was encountered at different levels from the 4 th floor to the 25 th floor. Many respondents (84%) mentioned they used more than one stairwell to 15 attempt to evacuate. It is not known which of the three stairwells they used. Some occupants may have tried to call the elevator but all 4 elevators were recalled to the ground floor of the building upon fire alarm activation.
The response when encountering smoke in the stairwells was "Kept going down" for 34%,
another 31% "Reversed direction, and went up stairs", 11% indicated "Sought refuge" and 10% "Changed stairs, and reached outside by alternate exit stair".
REMAIN IN BUILDING, RETURN TO APARTMENT OR SEEK REFUGE
A number of respondents decided to stay in the building during the fire as presented in Table 3 . A total of 23 respondents (17%) indicated that they made the early decision to stay in their own apartment during the fire, disregarding the instructions from the voice communication system. These occupants never attempted to evacuate the building, some had a look in the corridor but they never dressed to leave or went to a stairwell. These respondents were located on Floors 5, 6, 8, 9 to 11, 13 to 15, 17 to 19 and 23 to 25. It appears that all respondents understood that there was an actual fire in the building.
Respondents indicated that they tried to leave but could not because of the smoke; some added that they could not manage the stairs due to a limitation; others indicated that staying in their apartment was the best thing to do. Of the 83% who attempted to evacuate the building during the fire, only 61, or 54%, managed to escape. The remaining 53, or 46%, who were unsuccessful in their attempt to evacuate, had to return to their own apartment or seek refuge in someone else's apartment.
The 29 respondents (25%) who decided to return to their apartment after an initial attempt to evacuate, said they went back because of the smoke conditions either in the corridor or in the stairwell. The respondents who returned home had their apartments on Floors 3, 5, 7 to 10, 12 to 21, and 23 to 25. Respondents went down a number of floors, from 1 floor to 14 floors, before turning back up to return home. All the respondents who decided to return home had dressed in winter clothing for the evacuation.
Another 24 respondents, or 21%, had to seek refuge in someone else's apartment after starting their evacuation. The reasons given for seeking refuge were the smoke conditions and the fact that they thought they could not make it back to their own apartment. These apartments of refuge were found on Floors 5, 7, 8, 9, 10, 12, 14, 15, 16 and 17. Six of the respondents took refuge in a neighbour's apartment on the same floor as their own apartment.
The other 18 respondents travelled a number of floors from 4 floors to 13 floors down before seeking refuge.
A majority of the respondents (64%) who stayed in the building, including the respondents who returned home or sought refuge, were in groups which varied in size from 2 to 15 persons.
The majority who stayed home alone during the fire were female over 65 years old.
All apartments had balconies which 54% mentioned using. In most cases, respondents did not stay on the balcony for a long time; they stepped out to watch the fire department, to escape the smoke for a few minutes or to obtain information. Smoke migrated into apartments through the entrance door of 56% of the respondents and 63% indicated sealing the main apartment door with a towel or tape.
INFORMATION ON FIRE SAFETY
Responses to the question, "Was your knowledge of fire safety adequate in preparing you for this fire emergency?", show that 80% felt that they had adequate knowledge. Still, 81%
said they would like to obtain more information on fire safety. To the question, "Having been through this fire emergency, will you do anything differently in the future when you hear the fire alarm?", opinions are split. Some 52% would react the same way; the other 48% would do things differently, which in most cases would be to stay in their apartment. Many mentioned they would not follow voice communication instructions in the future.
CONCLUSIONS
This fire incident resulted in many interesting findings regarding the occupants'
behaviour. The impact of the evacuation procedure for this building based on following voice communication instructions, the age and characteristics of the occupants as well as the impact of this fire experience on occupants' attitudes toward evacuation and fire safety are noteworthy.
The evacuation procedure for this building was that, upon hearing the fire alarm, occupants had to investigate to ensure that the fire was not in their own apartment, then to wait for instructions coming through the voice communication system. Consequently, it is not surprising that most occupants waited to receive instructions before initiating their evacuation.
In fact, only 4% initiated evacuation based solely on hearing the building fire alarm. This confirms the observation made in a number of evacuations that most occupants treat the sounding of a fire alarm as a warning and wait for further information over the voice communication system, or from other sources, before starting to evacuate.
The building occupants prefer this practice of waiting for voice communication instructions before starting to evacuate because it can prevent them from evacuating unnecessarily if the alarm activation is due to a false alarm or a test of the system. This procedure implies, however, that, in the event of a fire, there will be a delay between the time that the alarm is activated and the time at which occupants receive instructions to evacuate, if judged necessary. This time delay is a result of the building management or the fire department investigating and assessing the situation before the evacuation order is given through the voice communication system. This investigation and assessment time can be from a few to many minutes.
In this fire, it is assumed that the fire alarm was activated at approximately the time of the first 911 call, which was at 16:34; the message to evacuate was, at best, issued at around 16:41, 2 minutes after the arrival of the fire department at 16:39. These times indicate a 7 -minute delay between the fire alarm sounding and the evacuation order. From the time the message was issued, occupants probably spent another 2-3 minutes getting dressed and finding their belongings before leaving their apartments. In the best case, it can be assumed that occupants started their evacuation 10 minutes after the initial alarm activation. It could be risky for occupants to start their evacuation 10 minutes into the fire unless the exit routes are very well protected from smoke entry and no one opens doors on the fire floor that could allow smoke into other locations such as the stairwells. The procedure to wait for instructions from the voice communication system, which is becoming very popular in highrise buildings, implies that the time at which occupants start their evacuation will be late in the fire event.
Most fire growth scenarios would indicate that a fire that has burned free for 10 minutes, emits quantities of smoke, heat and toxic gases that could impede egress. By that time, it may be hazardous for occupants above the fire floor to attempt to evacuate using some of the exit stairwells. Occupants of highrise buildings are vulnerable during an evacuation since they have a long distance to travel to reach ground level and, during their evacuation, the situation could change unexpectedly. Generally, the greater the delay in initiating evacuation, the greater the vulnerability of the occupants during evacuation. At some stage of fire 20 development, it is probably safer to instruct occupants to stay in their apartments and protect in place unless they are in immediate danger.
After experiencing this fire, many of the residents said they would not follow evacuation instructions over the voice communication system in future fire situations. They indicated that they would instead stay in their apartments and protect in place. This change in attitude results from two factors. The first factor is the confusion felt during the event when receiving what appeared to be contradictory instructions through the voice communication system stating "you should evacuate" then, later on, "do not evacuate". The second factor is the frustration felt after the fire when realizing that occupants who stayed in their apartment were safe and did not have to cope with the trying experience of going down many flights of stairs, encountering smoke and anxious neighbours.
A complete attitude change by the occupants to protect in place rather than evacuate may not be the best action for all fire situations. It is important that occupants understand that instructions provided over the voice communication system are made in their best life safety interest but they should also understand that they have to use their own judgement of the situation to make the best decision.
There were several factors during this fire that either seriously impacted life safety or had the potential to do so. The use of tubular-core wood apartment entrance doors, the open balcony door to the apartment of fire origin providing oxygen for the fire, the number of senior occupants, the delay time in starting the evacuation and the smoke movement in the building all had the potential to contribute negatively to life safety during this fire.
It was fortunate, however, that several factors positively impacted on the fire situation to counter the negative factors. These positive factors included a very early "911" call to the fire department and a rapid response and fire extinguishment by the fire department. In addition, most respondents were awake and alert at the time of the initial fire alarm. The survey indicates that all the respondents were made aware of the fire by the fire alarm or the voice communication system. The audibility of these two systems appears excellent. It should be remembered that all 10 respondents with a hearing limitation were made aware of the situation by the sound of the fire alarm. The survey also illustrated that 95% of respondents could clearly hear instructions provided over the voice communication system.
The reactions of most occupants were appropriate in the circumstances since an attempt to evacuate was justified by the order through the voice communication system as established in the fire safety procedure. The inappropriate action was the attempt to pursue evacuation when encountering smoke. At that point, occupants should have judged that the situation was dangerous and should have returned home or sought refuge at once. Some occupants continued down stairwells filled with smoke. That was a dangerous decision that could have led to more injuries and casualties.
The occupants placed considerable trust in the information received over the voice communication system. This is evident from the 83% of respondents who attempted 22 evacuation as a result of evacuation instructions given over the voice communication system.
It confirms that, in most instances, the public is prepared to follow voice communication instructions especially if this means of providing information has been accurate in the past and if the message comes from a person in which they have confidence or from figures of authority such as the fire department.
